Introduction
Human papillomavirus (HPV) is a large family of DNA tumor viruses best known for causing benign epithelial proliferative lesions or warts. Overall, there are currently more than 200 varied types of HPV, including about 30 strains that lead to infection in the human genital tract. Nowadays, human genital infections caused by HPV are common sexually transmitted diseases. The average global prevalence of HPV infection has been reported to be almost 10% (in the range of 1.4-25.6%). This group of viruses consists of low-risk HPVs that do not cause cancer but can cause skin warts (genotypes 6, 11, 42, and 44), and high-risk HPVs that cause cancer (genotypes 16, 18, 26, 31, 33, 35, 39, 45 , 51, 52, 53, 56, 58, 59, 66, 68, 73, 82). Neoplastic and cervical cancer may occur due to exposure to high-risk HPV infection. HPV is positive in approximately 100% of patients with cervical cancer based on epidemiological studies [1] [2] [3] [4] [5] [6] .
Three vaccines against HPV infection and disease have been available since 2006 [1] . A quadrivalent HPV 6/11/ 16/18 vaccine was approved in 2006 and a bivalent HPV 16/18 vaccine was introduced in Europe in the following year. The EU issued a permit for a nonavalent HPV 6/11/16/18/31/33/45/52/58 vaccine in 2015.
It should be noted that different regions in the world show specific prevalences and distributions of HPV, so that the region can determine the significance of different types of HPV [7] [8] [9] [10] [11] . The most prevalent species responsible for cervical cancer are types 16 (accounting for about 50% of cases), 18, 31, and 45 in the USA and Europe [12] . Types 52, 16, 58, 68, and 33 have the greatest prevalence among the population of South China [13] .
It is necessary to identify the genotypic distribution of HPV before making a decision concerning public health policies and preparing vaccines in every region because, as mentioned, the type of HPV can be locally specific [14, 15] . To this end, a successful approach can use molecular techniques to detect HPV types in detail, even based on regional distributions. Hence, the current research was conducted to study the frequency of HPV types among females in Mashhad, Iran.
Materials and Methods
This was an observational and descriptive study based on all samples collected from hospitals and clinical centers in Mashhad, Iran, from March 2015 to April 2016. Our study protocol was approved by the local ethics committee of the Mashhad University of Medical Sciences. All participants were Iranian women living in Mashhad, which is located in the northeastern region of Iran. After obtaining written informed consent, a sampling of cells was taken from the cervical area using a swab. The sample was then placed into a bottle containing saline to be used for HPV testing. All participants were women with low-grade squamous intraepithelial lesions.
Detection of HPV DNA
The investigation of HPV DNA was performed in the molecular microbiology laboratories of the Department of Medical Microbiology, Mashhad University of Medical Sciences. From each cervical sample, cells were collected by ultracentrifugation and stored at -20 ° C until DNA analysis. Extraction of the total DNA was carried out with the QIAamp DNA Minikit (Qiagen, Germany) according to the manufacturer's instructions. Subsequently, 10 μL of nucleic acid was used to detect HPV DNA by nested PCR (polymerase chain reaction; Pars Toos Kit, Tehran, Iran) utilizing a thermal cycler. For the first amplification step, a combination of degenerate primers was used to amplify a 449-to 458-bp sequence within the L1 open reading frame of the HPV genome, which represents the most conserved gene within the genome. For the second step of the nested PCR, biotinylated primers were used to amplify a 139-to 145-bp sequence. For each PCR, primers for β-globin were used as an internal control to ensure that all samples were amplified and there were no PCR inhibitors. For every 10 samples of each PCR, a negative control (H 2 O) and a positive control were run to exclude possible contamination and to determine the accuracy. Following amplifications, the PCR products were visualized by ethidium bromide staining after electrophoretic migration through 1.5% agarose gel and were readily identified on the basis of the corresponding length of the amplicons. Finally, the positive samples were selected for the next step.
Genotyping of HPV
Genotyping was performed on HPV DNA-positive samples by a microbiologist. The method was a reverse dot blot hybridization assay (hybriSpot 12 TM ; HS12) and contained specific probes for the 36 most frequent HPV types. Based on their association with different grades of lesions, HPV that can induce carcinogenesis has been classified as high risk or oncogenic, while low-risk HPVs are those which cause genital warts and collaborate with high-risk HPVs. The HPV Direct Flow CHIP is intended for the simultaneous screening and genotyping of 18 high-risk genotypes (HPV16, 18, 26, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66, 68, 73, and 82) and 4 low-risk genotypes (HPV6, 11, 42, and 44/45) by PCR, followed by reverse dot-blot hybridization that is based on DNA flow technology (semi-automated hybriSpot 12 TM and automated hybriSpot 24 TM ) [16] . Finally, descriptive statistics were used to determine the distribution of HPV. 
Results

Demographic Characteristics
Mixed infections with 2 or more types of HPV were seen in some of our 143 samples and 184 genotypes. Table 1 shows the demographic details of the patients. The participants in the present research included 143 females with a mean age of 34.9 years (SD 6.9, range 20-52), in which a premenopausal status and history of previous pregnancy were recorded for about 75%. Figure 1 presents the prevalence of the high-and lowrisk HPVs. According to the present findings, 48 (56.4%) cases had coinfection among 85 subjects placed in the high-risk group. Of the 143 women who participated in the study, the total prevalence of HPV was 26% in the low-risk group and 74% in the high-risk group ( Fig. 2 ) . It should be noted that the most frequent high-risk HPV types were 16 (38.6%), 18 (14.7%), 39 (3.8%), 52 (3.8%), 58 (3.3%), 73 (3.3%), 45 (2.1%), 66 (2.1%), and 68 (2.1%). The low-risk HPV subtypes were 6 (11.9%), 42 (7.0%), 11 (3.8%), and 44/55 (3.3%).
HPV Prevalence and Genotypic Distribution
Discussion
In the present study, we could determine the distribution of HPV types in Mashhad, Iran. According to the results, approximately 74.1% of subjects were placed in the high-risk group.
A study in Eastern Africa reported that the most common worldwide HPV types are, respectively, 16, 18, 31, 58, 52, and 66 among females [17] . HPV16 and HPV18 were the most prevalent genotypes in the current study area. HPV16 has the highest potential for carcinogenesis and is the key candidate for common HPV vaccines [18] .
Epidemiological studies report single and multiple infections caused by HPV16 and HPV18 as high-risk viruses in about 75% of cervical cancers [19] . In addition, some other cancers, including vaginal, vulvar, anal, and throat, have been found to be due to these viruses. The absence of appropriate screening in developing countries has caused the rate of cervical cancer to rise. High-risk HPVs represent one of the leading reasons for developing cervical cancer, which means that the development from lesions to cancer can be prevented with the help of early and rapid therapeutic actions against the virus. The benefit of screening for this group of infections is clearly apparent [20] . Ku et al. [21] investigated the impact of genotypes on the severity and prognosis of cervical neoplasia, which showed the influence of the virus type on the severity of disease. HPV18 was the most common HPV in their study, but was the second most frequent type in the present study, indicating the divergence of HPV prevalence in differing areas [22] .
In 2002, during a multicenter study conducted in 7 countries, Muñoz et al. reported that HPV16 was the most common type (between 43.9 and 72.4%) without exception [23] . In line with our study, the most frequently found HPVs in cervical carcinoma cases were HPV16 (accounting for over 50%) and HPV18 (12%) in numerous reports [24] . Mahmoudi et al. [25] studied the role of HPV genotypes in cervical cancer in Yazd, Iran, and observed a high frequency of HPV16 (70%) and HPV18 (16.7%), followed by types 33, 45, and 73, respectively 41 [26] . These findings are consistent with our study. To confirm our study further, a comprehensive genotyping performed on 20,000 Pap smear samples among patients in Kerman, Iran, showed that the HPV types 16 and 18 had the greatest frequency [27] . There are several reasons for continuing HPV vaccination as a successful approach in Iran. These include the possible cross-protection of vaccines versus nonvaccine HPV types. Also, many infections that evade the vaccine target range are transient and cannot cause cervical cancer. This indicates a certain prevention strategy in settings like Iran with very narrow resources and weak cervical cancer screening coverage. Taking the results obtained from our study on HPV prevalence and genotype distribution in Mashhad as a baseline might be the first step in monitoring the dynamics of the distribution of the HPV genotype following HPV vaccination. This could be ascribable before alteration in precancerous cervical lesions, which needs to be routinely monitored over time. Nevertheless, the continued collection of data on baseline HPV type prevalence in Mashhad patients is necessary so that the efficacy of the HPV vaccine can be monitored in the long term [7, 18, 28, 29] .
Several limitations to the present study should be considered. First is a lack of cytological evaluation that led to more sample stratification. Also, a lack of amplification of all genotypes with identical sensitivity to primers could have been a source of variance in genotype detection. A final limitation was failure to assess the influence of the HPV vaccine. According to health economic models that consider potential advantages, a cost-benefit might be seen following HPV vaccination programs in Iran.
Conclusion
This study showed that infections with some types of viruses are common in HPV-positive women. In this study, we diagnosed different types of HPV and, consistent with other published studies, showed that HPV16 was the most abundant. This result is important for the selection of prevention strategies and improving approaches to combating cervical cancer.
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